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Description 

The present invention relates to shock wave treat- 
ment apparatuses according to the pre-characterizing 
parts of claims 1 and 6. WO 87/01 927 discloses an appa- s 
ratus comprising the features of these pre-characterizing 
parts. Echo waves of shock waves having reduced power 
are processed fa displaying purposes. 

In Fig. 1, there is shown a conventional Shockwave 
generator 1 for destruction or disintegration of a concre- 10 
tion or the like within a living body, as disclosed/in Japa- 
nese Patent Laid-Open Specification No. 62-49843. In 
this shock wave generator 1 , a shock wave transducer 2 
having a spherical concave front surface of a certain cur- 
vature includes a central through hole 2a of a certain 75 
shape, and the transducer 2 is supported by a backing . 
member 3 adhered to the back surface of the transducer 
2. An ultrasonic wave probe 4 for scanning the living body 
to obtain a B-mode section image or the like is provided 
with an ultrasonic wave transmitting-receiving surface or 20 
array 4a in its one end, and the array 4a is located in the 
same spherical surface or a retracted position as or from 
the front surface of the transducer 2. The shock wave 
generator 1 is contacted to a living body 6 via a water 
bag 5 containing water therein. 25 

For instance, when a concretion within a living body 
is disintegrated using the above described shock wave 
generator 1, a concentration point positioning is 
required. That is, the concentration point of the shock 
waves generated by the transducer 2 is adjusted to coin- 30 
cide with the concretion. This concentration point posi- 
tioning is effected by displaying a B-mode section image 
of the living body and a target mark representing the con- 
centration point of the shock waves on the display and 
by allowing the target mark to coincide with the concre- 35 
tion on the display. In this case, the target mark is geo- 
metrically determined depending on the ultrasonic wave 
generator 1. 

However, in practice, it is not easy to confirm the 
position of the object such as the concretion or concre- 40 
tions to be disintegrated in the B-mode image on the dis- 
play The target mark in the B-mode image is 
geometrically determined depending on the generator, 
and the actual concentration point of the shock waves 
generated by the transducer is often somewhat different 45 
or shifted from the target mark. However, the actual con- 
centration point of the shock waves can not be con- 
firmed. Further, after the generation of the shock waves 
to the object such as the concretion, it is also difficult to 
confirm the results of the shock wave generation, for so 
instance, a disintegrated or not disintegrated state and 
the extent and appearance of the disintegration of the 
concretion. 

It is therefore an object of the present invention to 
provide a Shockwave treatment apparatus, free from the 55 
aforementioned defects and disadvantages of the prior 
art, which is capable of readily confirming a position of 
an object to be disintegrated and an actual concentration 
point of shock waves generated by a shock wave trans- 


ducer, and confirming results of the Shockwave gener- 
ation to the object. 

In accordance with one aspect of the present inven- 
tion, there is provided a Shockwave treatment apparatus, 
having the features of claim 1 . 

in accordance with another aspect of the present 
invention, there is provided a shock wave treatment 
apparatus, having the features of claim 6. 

The above and other objects, features and advan- 
tages of the present invention will more fully appear from 
the following description of the preferred embodiments 
. with reference to the accompanying drawings, in which: 

Fig. 1 is a longitudinal cross sectional view of a con- 
ventional shock wave generator; 
Fig. 2 is a block diagram of a Shockwave treatment 
apparatus disclosed in order to support the descrip- 
tion of the embodiments of the invention; 
Figs. 3 to 5 are schematic views of an object to be 
disintegrated by giving Shockwaves generated by a 
transducer; 

Fig. 6 is a block diagram of a further shock wave 
treatment apparatus; 

Fig. 7 is a timing chart including pulses representing 
action timings in the apparatus shown in Fig. 6; 
Fig. 8 is a block diagram of a further shock wave 
treatment apparatus; 

Fig. 9 is a timing chart including pulses representing 
action timings in the apparatus shown in Fig. 8; 
Fig. 10 is a schematic view showing a B-mode sec- 
tion image and aq M-mode image oh a display 
obtained in the apparatuses shown in Figs. 6 and 8; 
Fig. 1 1 is a block diagram of a f irst embodiment of a 
shock wave treatment apparatus according to the 
present invention; 

Fig. 1 2 is a timing chart including pulses represent- 
ing action timings in the apparatus shown in Fig. 1 1 ; 
Fig. 13 is a fragmentary block diagram of a further 
embodiment of a ultrasonic wave probe used in a 
shock wave treatment apparatus according to the 
present invention; and 

Fig. 1 4 is a block diagram of a second embodiment 
of a shock wave treatment apparatus according to 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to the drawings, wherein like refer- 
ence characters designate like or corresponding mem- 
bers throughout the several views and thus the repeated 
description thereof may be omitted for the brevity, there 
is shown in Fig. 2 a shock wave treatment apparatus. 

In Fig. 2, a shock wave generator 16 includes a 
shock wave transducer 1 6a having a spherical concave 
surface for generating shock waves therefrom and a 
water bag 1 6b having flexible bellows 1 6c for performing 
an effective transmission of the shock waves to a living 
body P, for instance, in order to disintegrate a concretion 


2 


9 


3 


EP 0 548 048 B1 


4 


31 of an object 32 such as a kidney. The shock wave 
transducer 16a is formed with a central hole therein. In 
this embodiment, various devices such as a vibrator of 
a concave semisphere form, an electromagnetic induc- 
tion type sound source composed of a combination of a 
spiral coil and a metal membrane arranged close thereto, 
and the like can be applied to the shock wave transducer 
16a. An ultrasonic wave probe 17 having a- ultrasonic 
wave transmitting-receiving surface or array 17a in its 
end is arranged in the central hole portion of the shock 
wave transducer 16a. The ultrasonic wave probe 17 
transmits, ultrasonic waves toward the living body P and 
receives an ultrasonic wave echo therefrom to effect a 
scanning of the living body P for obtaining a B-mode sec- 
tion image, a CFM (color flow mapping) image and an 
M-mode image. 

A timing controller 20 outputs a shock wave.generr 
ation timing signal to a delay counter 19 and a pulser 21 . 
The pulser 21 sends a drive signal to the shock wave 
transducer 16a in order to drive the same, and its driving 
timing is controlled by the shock wave generation timing 
signal fed from the timing controller 20. The delay coun- 
ter 19 outputs a delayed pulse DP to an RPG (rate pulse 
generator) timing delayed by a certain period of time after 
the shock wave generation timing. The delay timing of 
the delayed pulse DP ouput by the delay counter 19 is 
controlled by a delay timing set 18. 

The RPQ 10 generates a delayed frame pulse DFP 
to a transmit-receive controller 11 and a DSC (digital 
scan converter) 14 in synchronization with the delayed 
pulse DP output from the delay counter 1 9. The transmit- 
receive controller 11 controls the ultrasonic wave probe 
17 to transmit or receive the ultrasonic wave to or from 
the living body P. The transmit-receive controller 1 1 com- 
prises a transmitter and a receiver, The transmitter 
includes a transmission delay device for setting a certain 
delay time for the transmission of the delayed frame 
pulse and a pulser for generating a pulse for driving the 
array 17a of the ultrasonic wave probe 17 in synchroni- 
zation with the delay time given by the transmission delay 
device. The receiver includes a preamplifier for amplify- 
ing a ultrasonic wave echo received by the ultrasonic 
wave probe 1 7, a receipt delay device for setting a certain 
delay time for the output of the amplified ultrasonic wave 
echo, and an adder for adding the delayed echoes. 

A B-mode processor 12 includes a detector for per- 
forming an amplitude detection of an output addition sig- 
nal of the transmit-receive controller 11, and an A/D 
(analog-digital) converter for converting the amplitude 
detected signal to a digital detected signal to obtain a 
monochrome B-mode section image. The operated 
results of the B-mode processor 12 are sent to the DSC 
14. A CFM (color flow mapping) processor 13 includes 
a phase detector for effecting a phase detection of the 
ultrasonic wave echo, an MTI (moving target indication) 
filter for removing a clatter component of the output sig- 
nal of the phase detector, a self correlator for performing 
a self correlation of the output signal of the MTI to obtain 
an ultrasonic wave doppler alteration frequency, and a 


processor for operating an average' speed and a power 
of a moving object according to the ultrasonic wave dop- 
pler alteration frequency to obtain a CFM (color flow 
mapping) image/That is, the CFM processor 13 per- 

5 forms the color flow mapping process to obtain a CFM 
image. The obtained result of the CFM processor 13 is 
fed to the DSC 14. 

The DSC 14 is provided with aframe memory (FM) 
1 4a, in which the scan conversion between the sampling 

10 and display systems is carried out. The writing timing of 
the data into the FM 1 4a of the DSC 1 4 is determined by 
the delayed frame pulse DFP output from the RPG 10. 
The data of the B-mode section image and the CFM 
image is stored in the FM 14a of the DSC 14. The scan 

is conversion result in the DSC 1 4 is fed to a color display 
15. On the color display 15, the monochrome B-mode 
section image 15a and the CFM image 15b overlapped 
thereon are reproduced. 

When the shock waves are generated by the shock 

20 wave transducer 16a, a large pressure such as several 
1 00 to 1 000 bar is caused at the concentration point. As 
shown in Fig. 3, soon after the Shock wave 33 hits on an 
object 31 such as a concretion to be disintegrated, the 
object 31 receives a large pressure and is moved in a 

25 direction F. Then, after the shock wave 33 passes 
through the object 31 , the object 31 is pulled back by a 
negative pressure component the shock wave 33 trails 
in the reverse direction F to the direction F, as shown in 
Fig. 4. Thus, the object 31 performs damped oscillation. 

30 Whenthe object31 is not disintegrated by the shock 
wave 33, the object 31 performs damped oscillation while 
the object 31 retains its original form. However, when the 
object is disintegrated by the shock wave 33, as shown 
in Fig. 5, the disintegrated pieces of the object are moved 

35 in all directions depending on their relative positions with 
respect to the concentration point of the shock wave and 
the surrounding conditions thereof. Hence, the behavior 
of the disintegrated pieces can be observed by transmit- 
ting an ultrasonic wave to a certain region containing the 

40 disintegrated pieces, obtaining frequency alteration 
information of the ultrasonic wave and analyzing the 
obtained frequency alteration information. 

An ultrasonic wave doppler alteration frequency of 
an ultrasonic wave is obtained from a received ultrasonic 

45 wave echo, and a CFM (color flow mapping) process is 
effected on the basis of the ultrasonic wave doppler alter- 
ation frequency. The result of the CFM process is over- 
lapped on a B-mode section image on a display, and this 
is used as a monitory image during a shock wave treat- 
so ment, as hereinafter described in detail. 

The operation of the above described apparatus will 
now be described in detail. 

The ultrasonic wave probe 17 effects the transmis- 
sion and receipt of the ultrasonic wave to and from the 

55 living body P by the transmit-receive controller 1 1 , and 
the transmit-receive controller 1 1 obtains the ultrasonic 
wave echo; The B-mode processor 12 outputs the result 
of the B-mode process to the DSC 14, and the B-mode 
section image 15a of the living body P is formed in the 
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FM 14a of the DSC 14. Then, the data of the B-mode 
section image 15a is read out of the FM 1 4a and is sent 
to the display 15 to display the B-mode section image 
15a thereon. 

When the shock wave transducer 16a is driven by 
sending the shock wave generation timing signal to the 
pulser 21 , the shock wave transducer 1 6a generates the 
shock waves to concentrate on the concretion 31 of the 
object such as the kidney in the living body P. 

In the CFM processor 13, the ultrasonic wave dop- 
pler alteration frequency in the living body P is operated 
from the ultrasonic wave echo obtained by the transmit- 
receive controller 1 1 , and the CFM process is carried out 
on the basis of the ultrasonic wave doppler alteration fre- 
quency. The resulted data of the CFM process is fed to 
the DSC 14, and the CFM image is formed in the FM 14a 
of the DSC 14. In the DSC 14, the CFM image is mixed 
with the monochrome B-mode section image, and the 
monochrome B-mode section image and the CFM image 
overlapped thereon are displayed on the display 15. 

The writing of the data of the B-mode section image 
and the CFM image into the FM memory 14a of the DSC 
14 with respect to the shock wave generation operation 
is performed as follows. 

The delayed frame pulse DFP is fed from the RPG 
10 to the DSC 14 at the timing delayed by the predeter- 
mined period of time after the timing of the shock wave 
generation. The DSC 14 is started to score the data into 
the FM 14a at the timing of input of the delayed frame 
pulse DFP, and, when one frame of the data is stored in 
the FM 1 4a, the storing of the data is stopped. This step 
is repeated every input of the delayed frame pulse DFP 
into the DSC 14 a every shock wave generation in the 
shock wave transducer 16a. The data writing timing by 
the delayed frame pulse DFP or the delayed pulse DP 
can be freely determined by the delay timing set 18, as 
described above. That is, in this embodiment, the repro- 
ducing and displaying of the still picture images such as 
the B-mode section image and the CFM image can be 
carried out at the best timing so that the best mode of 
the shock wave concentration positioning, the shock 
wave generation results and the disintegration state of 
the concretion or -the like can be readily determined or 
adjusted and observed. 

Then, the CFM image display is effected as follows. 

That is, different colors such as red and blue are 
applied to approaching and going away of the concretion 
and surrounding tissue thereof to or from the ultrasonic 
wave probe 1 7, and the average speed or power of the 
moving concretion and surrounding tissue are exhibited 
by the brightness variation. Since the concretion and sur- 
rounding tissue thereof are different in acoustic imped- 
ance, the concretion is moved larger than the tissue, and 
it is easy to discriminate the moving concretion from the 
moving tissue in the CFM image 15b. 

In this case, it is considered that the doppler signal 
of the concretion is larger with respect to that of the other 
tissue, particularly, the surrounding tissue, and hence 
the position of the concretion can be readily confirmed 


in the CFM image 15b by generating relatively weak 
shock waves during the positioning of the concretion. 
Also, even when the strong Shockwaves are generated 
in order to disintegrate the concretion after the position- 

s ing of the concretion, the concretion is moved larger than 
the tissue because of the acoustic impedance difference, 
and hence the position of the concretion cap be easily 
confirmed in the CFM image 15b. 

Also, when the strong shock waves are imparted to 

w the tissue of the living body P, the tissue is deformed and 
moved; and this is appeared in the CFM image 15b. 
Hence, the concentration region or point of the actually 
generated shock waves can be easily confirmed in the 
CFM image 15b. 

is Further, since the moving condition of the concretion 
against the shock waves is different, it is readily known 
whether the concretion is disintegrated or not. When the 
concretion is disintegrated, the sizes, moving directions 
and degree of dispersion of the disintegrated concretion 

20 pieces can be readily confirmed in the CFM image 15b 
by the extent of color mixture and the hue variation. 

As described above, it is readily understood that by 
monitoring the B-mode section image and the CFM 
image overlapped thereon oh the display during the 

25 shock wave treatment, the position of the object such as 
the concretion within the living body can be readily con- 
firmed, and the position of the concentration point of the 
actual shock waves can be readily confirmed on the dis- 
play. Hence, the positioning of the concentration point of 

30 the actual shock waves on the object can be readily per- 
formed. Also, the shock wave generation results of the 
object and extent and state of the disintegrated pieces 
of the object can be readily confirmed on the display. 
Therefore, the time and accuracy of the positioning of the 

35 concretion and the positioning of the shock waves on the 
concretion can be largely improved, and ineffective oper- 
ations and operator's burden can be largely reduced. 

in Fig. 6, there is shown a further Shockwave treat- 
ment apparatus having a structure similar to that shown 

40 in Fig. 2, except an M-mode processor 22 for obtaining 
an M-mode image is also included. 

A first clock pulse generator 20a outputs a first clock 
pulse CP1 to a second clock pulse generator 20b. An 
RPG (rate pulse generator) 10 outputs a rate pulse as a 

45 frame pulse FP to a transmit-receive controller 1 1 , a DSC 
(digital scan converter) 1 4 and the second clock pulse 
generator 20b. The second clock pulse generator 20b 
outputs a second clock pulse CP2 having the same inter- 
val as that of the first clock pulse CP1 as a shock wave 

50 generation timing signal, to a delay counter 19 and a 
pulser 21 in synchronization with the frame pulse FP out- 
put from she RPG 10. The delay counter 19 outputs a 
freeze signal FS at a timing delayed by a certain period 
of time after the shock wave generation timing in syn- 

55 chronization with the frame pulse FR In Fig. 7, there are 
schematically shown the first clock pulse CP1 , the frame 
pulse FP, the second clock pulse CP2 and the freeze sig- 
nal FS. The delay timing of the freeze signal FS output 
from the delay counter 19 is controlled to determine to 
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integral number times as much as the interval of the 
frame pulse FP by a delay timing set 18. 

The M-mode processor 22 includes a detector for 
performing an amplitude detection of an output addition 
signal of the transmit-receive controller 11, and an A/D 
(analog-digital) converter for converting the amplitude 
detected signal to a digital detected signal to obtain a 
monochrome M-mode image. The operated results of 
the M-mode processor 22 are sent to the DSC 14. In this 
case, a CFM processor 13 performs the CFM process in 
both the B-mode and M-mode images. The CFM proc- 
essor 13 can discriminate between the B-mode and M- 
mode image signals and mix or overlap the monochrome 
B-mode or M-mode image signals and the CFM signals 
to obtain the B-mode and M-mode images, as shown in 
Fig. 10. 

In the M-mode imaging process, doppler signals are 
picked up from the ultrasonic wave echo and are proc- 
essed with respect to only a certain direction such as, in 
practice, a shock wave concentration point direction d, 
as shown in Fig. 10a, in a depth of the living body P to 
obtain the M-mode image. One example of the M-mode 
image is shown in Fig. 10b. In this embodiment, in addi- 
tion to the B-mode section image and the CFM image, 
the M-mode image can be utilized. 

In case of the CFM imaging, the doppler signals are 
processed over a certain area to display the CFM image 
on the display. Hence, the reproduceable number of the 
frame images per second is approximately 10, which 
may be somewhat varied depending on the various con- 
ditions. In case of the M-mode imaging, the doppler sig- 
nals are operated only along one direction such as, in 
practice, the direction the shock wave concentration 
point is positioned, and thus much more frame images 
can be reproduced compared with that of the CFM imag- 
ing, that is, the resolving power in unit time can be largely 
improved, resulting in that the doppler signals can be 
observed with a high resolving power in the M-mode 
image. 

The writing of the data obtained in the B-mode proc- 
essor 12, the CFM processor 13 and the M-mode proc- 
essor 22 into the frame memory 14a of the DSC 14 with 
respect to the timing of the shock wave generation oper- 
ation is carried out at the desired timing by using the 
freeze signal FS output from the delay counter 19 in a 
similar manner to the apparatus of Fig. 2 described 
above. Hence, in this case, the reproducing and display- 
ing of the still picture images can be carried out at the 
best timing so that the best mode of the shock wave con- 
centration positioning, the shock wave generation results 
and the disintegration state of the concretion or the like 
can be readily determined or adjusted and observed. 

In Fig. 8, there is shown a further shock wave treat- 
ment apparatus having a similar structure to the above 
described ones. 

A timing controller 20 outputs a clock pulse CP as a 
shock wave generation timing signal to a delay counter 
1 9 and a pulser 21 . A delay counter 1 9 outputs a delayed 
clock pulse DCP to an RPG 10 at a timing delayed by a 


certain period of time after a shock wave generation tim- 
ing. The delay timing of the delayed clock pulse DCP out- 
put by the delay counter 1 9 is continuously controlled by 
a delay timing set 18. 

s In the RPG 10, a timing of a delayed frame pulse 
DFP is controlled by the delayed clock pulse DCP fed 
from the delay counter 19 in order to compulsorily syn- 
chronize with the timing of the delayed clock pulse DCP. 
In Fig. 9, there are schematically shown the dock pulse 

10 CP as the shock wave generation timing signal, the 
delayed clock pulse DCP and the delayed frame pulse 
DFP. In this embodiment, the writing of the data obtained 
in the B-mode processor 12, the CFM processor 13 and 
the M-mode processor 22 into the frame memory 1 4a of 

is the DSC 14 with respect to the timing of the shock wave 
generation operation is carried out at the desired timing 
by using the delayed frame pulse DFP output from the 
RPG 10 in a similar manner to the above described 
embodiments. 

20 The delay timing of the delayed clock pulse DCP can 
be continuously changed, arid hence more accurate con- 
trol can be performed as compared with the apparatus 
of Fig. 6. 

In Fig. 1 1 , there is shown a first embodiment of a 

25 shock wave treatment apparatus according to the 
present invention, having a similar construction to the 
apparatus of Fig. 2 described above, except that a dop- 
pler processor 29 for outputting doppler information in an 
audio signal form is provided. 

30 A timing controller 20 outputs a timing control signal 
TCS as a Shockwave generation timing signal to a pulser 
21 and a switch 27 for performing an open-close control 
in synchronization with the timing control signal TCS. A 
clock pulse generator 26 generates a clock pulse to a 

35 frequency divider 24 which outputs a frequency divided 
signal FDS to the timing controller 20. An RPG (rate 
pulse generator) 10 generates a rate pulse as a frame 
pulse FP to a transmit-receive controller 1 1 , a DSC (dig- 
ital scan converter) 1 4 and a delay circuit 23. The delay 

40 circuit 23 sets back the frame pulse FP a certain period 
of time and sends a delayed frame pulse DFP to the tim- 
ing controller 20. 

Tlietiming controller 20 outputs the Shockwave gen- 
eration timing signal TCS to the pulser 21 at a timing 

45 delayed by a desired period of time i after the timing of 
the frame pulse FP. Hence, the reproducing and display- 
ing of the still picture images can be effected at the best 
timing in the same manner as described above. In Fig. 
12, there are schematically shown the frame pulse FP, 

so the delayed frame pulse DFP, the frequency divided sig- 
nal FDS and the timing control signal TCS along with on 
and off modes of the switch 27. A system controller 25 
controls the operation of the whole system of the shock 
wave treatment apparatus. 

55 In the DSC, the writing of the data obtained in the B- 
mode processor 12 into a frame memory (FM) 14a with 
respect to the shock wave generation timing is started 
by the frame pulse FP fed from the RPG, and, when one 
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frame of the data is stored in the FM 14a, the data storing 
is stopped. This step is repeated. 

A doppler processor 29 includes a phase detector 
for effecting a phase detection of a ultrasonic wave echo 
sent from the transmit-receive controller 11 , and a proc- 
essor for setting a sample gate position. In the doppler 
processor 29, audio signals representing doppler infor- 
mation in the sample gate position is picked up from the 
ultrasonic wave echo. The audio signals are fed from the 
doppler processor 29 to a speaker 28 via the switch 27, 
and the speaker 28 reproduces doppler sounds from the 
audio signals. 

The operation of this apparatus will now be 
described in detail in connection with Figs. 11 and 12. 

The delay circuit 23 outputs the delayed frame pulse 
DFP to the timing controller 20, and the frequency divider 
24 sends the frequency divided signal FDS to the timing 
controller 20. After the frequency divided signal FDS is 
turned to the high level, the timing controller 20 outputs 
the timing control signal TCS as the shock wave gener- 
ation timing signal at the timing of the following delayed 
frame pulse DFP, i.e., in synchronization with the leading 
edge of the delayed frame pulse DFP. The shock wave 
transducer 16a is driven to generate the Shockwaves at 
the timing of the leading edge of the shock wave gener- 
ation timing signal TCS. By using this timing control, the 
affecting area direction or path of the shock waves in a 
B-mode section image can be freely controlled. For 
instance, that is, although it is not effective or practical 
for treating an object such as a concretion, by varying 
the delay time of the frame pulse FP in the delay circuit 
23, the affecting area direction or path of the Shockwaves 
can be positioned in a right hand side end portion 1 5c in 
the B-mode section image 15a, as shown in Fig. 11. 

When the ultrasonic wave echo is sent from the 
transmit-receive controller 1 1 to the doppler processor 
29, the phase detection of the ultrasonic wave echo is 
effected and the doppler information is picked up in the 
form of the audio signals in the doppler processor 29. 
The audio signals are sent to the speaker 28 through the 
switch 27, and the speaker 28 reproduces the doppler 
sounds from the audio signals. By monitoring the doppler 
sounds, the extent and. state of the shock wave genera- 
tion and disintegrated object pieces can be readily con- 
firmed. 

In this embodiment, the doppler information pickup 
is carried out by using the pulsed wave doppler method, 
and the doppler information in the sample gate position 
determined in the B-mode section image is obtained. 
That is, by setting the sample gate position to a portion 
containing the disintegrated object pieces in advance, 
the doppler information of or near the disintegrated 
object pieces can be effectively obtained. 

Further, in this embodiment, the continuous wave 
doppler method may be also applied. In this case, a par- 
ticular vibrator for the continuous wave doppler informa- 
tion pickup may be provided near the ultrasonic wave 
probe 17. Alternatively, a part 17b of the vibrator ele- 
ments of the array 17a of the ultrasonic wave probe 17 


may be used for the continuous wave doppler information 
pickup only, as shown in Fig. 13. 

It is considered that, when the shock wave compo- 
nents are mixed with the doppler sounds to be output 

5 from the speaker 28, it becomes difficult to monitor the 
doppler sounds. In order to prevent this problem, the 
switch 27 is turned off in synchronization with the shock 
wave generation timing signal output from the timing con- 
troller 20 to remove the shock wave components from 
w the doppler sounds. That is, as shown in Fig. 12, the 
switch 27 is turned off at the timing of the leading edge 
of the timing control signal TCS fed from the timing con- 
troller 20 to prevent the shock wave components from 
mixing in the doppler sounds, with the result of clearly 

is monitoring the doppler sounds. Further, by making the . 
OFF period of time of the switch 27 to be variable, more 
accurate or precise control for removing the shock wave 
component can be performed. 

According to the present invention, a CFM processor 

20 1 3 and/or an M-mode processor 22 of Fig. 6 may be also 
provided in the apparatus described above, with the 
result of obtaining the same effects and advantages as 
those of the apparatuses of Figs. 2 and 6. 

in Fig. 14, there Is shown a second embodiment of 

25 a shock wave treatment apparatus according to the 
present invention, having the same structure as the first 
embodiment shown in Fig. 1 1 , except a doppler phono- 
cardiograph 30 is provided. 

In this case, the doppler phonocardiograph 30 

30 includes a ultrasonic transmit-receive member 30a, a 
doppler phonocardiograph body 30b and a speaker 30c, 
which are coupled in series. The ultrasonic transmit- 
receive member 30a transmits an ultrasonic wave toward 
an object 31 such as a concretion within an internal 

35 organ such as a kidney 32 in a living body P and receives 
a reflected component. The body 30b picks up doppler 
information from the reflected component and the dop- 
pler information is reproduced in the sound form by the 
speaker 30c. The body 30b and the speaker 30c may 

40 constitute first and second means, respectively. 

In this embodiment, the body 30b includes a device 
for preventing shock wave components from mixing in 
the doppler sounds in synchronization with the shock 
wave generation timing signal output from the timing con- 

45 troller 20, this shock wave preventing device having a 
similar construction to that of the first embodiment shown 
in Fig. 1 1 , with the result of clearly monitoring the doppler 
sounds. In this embodiment, the same effects and 
advantages as those of the first embodiment can be 

so obtained. 

Claims 

1 . A shock wave treatment apparatus, comprising: 
55 means ( 1 6) for generating a shock wave and 

transmitting the shock wave toward a living body <P) 
having an object to be disintegrated by the shock 
wave (33); 

an ultrasonic wave probe (1 7) for transmitting 
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an ultrasonic wave toward the living body and for 
receiving an ultrasonic wave echo from the living 
body; . 

means (1 1 , 1 2) for generating a B-mode sec- 
tion image of the living body on.the.basis of the wave 
echo, 

means (1 5) for displaying the B-mode section 
image; and 

means (29) for obtaining doppler information 
from the ultrasonic wave echo; 
characterized by 

means (14. 14a) for storing the B-mode 
image in synchronization with delay time means (23) 
at a certain period of time after the generation of the 
Shockwave; 

the means (29) for obtaining doppler informa- 
tion performing a phase detection of the ultrasonic 
wave echo; and by 

means (28) for reproducing sound from the 
doppler information. 

2. The apparatus of claim 1, further including means 
(13) for obtaining an ultrasonic wave doppler altera- 
tion frequency from the ultrasonic wave echo and for 
performing a color flow mapping process on the 
basis of the ultrasonic wave doppler alteration fre- 
quency to form a color flow mapping image of the 
living body, the displaying means (15) displaying the 

. B-mode section image and the color flow mapping 
image. 

3. The apparatus of claim 2, further including means 
(22) for forming an M-mode image of the living body 
on the basis of the ultrasonic wave echo, the display 
means (15) displaying the B-mode section image 
and the color flow mapping image or the M-mode 
image and the color flow mapping image. 

4. The apparatus of any of claims 1 to 3, wherein the 
means for obtaining the doppler information utilize a 
pulsed wave doppler method. 

5. The apparatus of any of claims 1 to 3, wherein the 
doppler information is obtained by a continuous 
wave doppler method. 

6. A shock wave treatment apparatus, comprising: 

means (16) for generating a shock wave and 
transmitting the Shockwave toward a living body (P) 
having an object to be disintegrated by the shock 
wave (33); 

an ultrasonic wave probe (1 7) for transmitting 
an ultrasonic, wave toward the living body and for 
receiving an ultrasonic wave echo from the living 
body; 

means (1 1 , 1 2) for generating a B-mode sec- 
tion image of the living body on the basis of the wave 
echo, 

means (1 5) for displaying the B-mode section 


image; and . 

means for obtaining doppler information; 
characterized by 

means (14, Ha) for storing the B-mode 
5 image in synchronization with delay time means (23) 

at a certain period of time after the generation of the 

Shockwave; and 

the means for obtaining doppler information 

includes a doppler phonocardiograph (30), which 
10 comprises means for transmitting and receiving 

ultrasound waves towards and from the object and 

means (30c) for reproducing sound from the doppler 

information. 

is 7. The apparatus of any of claims 1 to 6, also including 
means (27) for preventing a shock wave component 
from being reproduced in a sound form. 

PatentansprOche 

20 

1 . Schockwetlen-Behandlungsgerat mit 

einer Einrichtung (16) fur die Erzeugung 
einer StoBwelle und fur die Aussendung der StoB- 
welle in Richtung auf einen lebenden Kdrper (P), der 
25 ein Objekt aufweist, das durch die Schockwelle (33) 
zu zerstCren ist; 

einer Ultraschallwellensonde (17) fOr die 
Aussendung einer Ultraschallwelle in Richtung auf 
den lebenden KOrper und fQr den Empfang eines 
30 Ultraschallwellen-Echos von dem lebenden KOrper; 

einer Einrichtung (11, 12) fQr die Erzeugung 
eines B-Modus-SchnittbikJes des lebenden Kflrpers 
auf der Grundlage des Wellen-Echos; 

einer Einrichtung (15) fflr die Anzeige des B- 
35 Modus-Schnittbiides und 

einer Einrichtung (29) fur die Gewinnung von 
Dopplerinformation aus dem Ujtraschallwellen- 
Echo. 

gekennzeichnet durch 

40 eine Einrichtung (14, 14a) fur die Speiche- 

rung des B-Modus-Bildes unter Synchronisation mit 
einer VerzOgerungszeit-Einrichtung (23) bei bzw. 
nach einer bestimmten Zeitdauer nach der Erzeu- 
gung der Schockwelle, 

45 wobei die Einrichtung (29) fur die Gewinnung 

von Dopplerinformation eine Phasendetektion des 
Ultraschallwellen-Echos durchfuhrt, und durch 

eine Einrichtung {28) fur die Reproduktion 
von Schall aus der Dopplerinformation. 

50 

2. Gerat nach Anspruch 1 , das weiterhin eine Einrich- 
tung (13) fur die Gewinnung einer Anderungsfre- 
quenz der Ultraschall-DopplerSnderung aus dem 
" Ultraschall-Echo und fur die Durchfuhrung einer 
55 Farb-Str6mungsverteilungsverarbeitung auf der 
Grundlage der Anderungsfrequenz der Uftraschall- 
wellen-Doppleranderung zur Bildung eines Farb- 
StrSmungsverteilungsbildes des lebenden Korpers 
aufweist, wobei die Anzeigeeinrichtung (15) das B- 
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Modus-Schnrttbild und das FarbstrOmungsvertei- 
lungsbild anzeigt. 

3. Gerat nach Anspruch 2, das weiterhin eine Einrich- 
tung (22) fOr die Bildung eines M-Modus-Bildes des 5 
lebenden KOrpers auf der Grundlage des Ultra- 
schallwelle-Echos aufweist, wobei die Anzeigeein- 
richtung (15) das B-Modus-Schnittbild und das 
Farb-StrOmungsverteilungsbild oder das M-Modus- 
Bild und das Farb-StnOmungsverteilungsbild io 
anzeigt. 

4. Gerat nach einem der AnsprQche 1 bis 3, bei dem 
die Einrichtung fur die Gewinnung der Dopplerinfor- 
mation ein Dopplerverfahren mit gepulster Welle 15 
einsetzt. 

5. Gerat nach einem der AnsprQche 1 bis 3, bei dem 
die Dopplerinformation durch ein Dopplerverfahren 
mit kontinuierlicher Welle erharten wird. 20 

6. Schockwellen-Behandlungsgerat mit 

einer Einrichtung (16) fQr die Erzeugung 
einer Schockwelle und fOr die Aussendung der 
SchockweOe in Richtung auf einen lebenden KOrper 25 
(P), der ein Objekt aufweist, das durch die Schock- 
welle (33) zu zerstOren ist; 

einer Ultraschailwellensonde (17) fur die 
Aussendung einer Ultraschallwelle in Richtung auf 
den lebenden KOrper und fQr den Empfang eines 30 
Ultraschallwellen-Echos von dem lebenden KOrper; 5 

einer Einrichtung (11,12) fQr die Erzeugung 
eines B-Modus-Schnittbildes des lebenden KOrpers 
auf der Grundlage des Wellen-Echos; 

einer Einrichtung (1 5) fur die Anzeige des B- 35 
Modus-Schnittbildes, und 

einer Einrichtung zur Gewinnung von Dopp- 
lerinformation, 

gekennzeichnet durch 

eine Einrichtung (14, 14a) fQr die Speiche- 40 
rung des B-Modus-Bildes unter Synchronisation mit 
einer VerzOgerungszeit- Einrichtung (23) zu bzw. 
nach einem bestimmten Zeitintervall nach der 3 
Erzeugung der Schockwelle, 

wobei die Einrichtung zur Gewinnung der 45 
Dopplerinformation einen Doppler-Phonokardiogra- 
phen (30) aufweist der eine Einrichtung fur die Aus- 
sendung und den Empfang von Ultraschalrwellen in 
Richtung auf und von dem Objekt sowie eine Ein- 
richtung (30c) fQr die Reproduktion von Schall aus so 
der Dopplerinformation enthalt. 4. 

Gerat nach einem der AnsprQche 1 bis 6, das wei- 
terhin eine Einrichtung (27) fur die Verhinderung 
einer Wiedergabe einer Komponente der Schock- 55 
. welle in Schallform aufweist. 5. 


Revendications 

1 . Dispositif de traitement par ondes de choc, compre- 
nant : 

un moyen (16) pour produire une onde de 
choc et pour 6mettre I'onde de choc en direction d'un 
corps vivant (P) comportant un objet a d6sint§grer 
par I'onde de choc (33) ; 

une sonde cfonde ultrasonore (17) pour 
gmettre une onde ultrasonore en direction du corps 
vivant et pour recevoir un 6cho d'onde ultrasonore 
du corps vivant ; 

un moyen (11,12) pour produire une image 
en coupe en mode B du corps vivant sur la base de 
racho d'onde ; 

un moyen (1 5) pour aff icher I Image en coupe 
enmodeB;et 

un moyen (29) pour obtenir une information 
Doppler a partir de racho d'onde ultrasonore ; 

caractarisa : 

par un moyen (14, 14a) pour mamorlser 
1'image en mode B en synchronisme avec un moyen 
de retardement (23) a une certaine pari ode de 
temps apr^s l'6mission de I'onde de choc ; 

en ce que le moyen (29) pour obtenir I'infor- 
mation Doppler effectue une datection de phase de 
. racho d'onde ultrasonore ; et 

par un moyen (28) pour reproduire le son pro- 
venant de rinformation Doppler. 

!. Dispositif selon la revendication 1, comprenant en 
outre un moyen (13) pour obtenir une frequence de 
modification d'onde ultrasonore par effet Doppler a 
partir de racho cfonde ultrasonore et pour exacuter 
un traitement de cartographic de flux en couleurs 
sur la base de la fraquence de modification d'onde 
ultrasonore par effet Doppler pour former une image 
de cartographie de flux en couleurs du corps vivant, 
le moyen d'affichage (15) aff ichant I'image en coupe 
en mode B et I'image de cartographie de flux en cou- 
leurs. 

. Dispositif selon la revendication 2, comprenant en 
outre un moyen (22) pour former une image en mode 
M du corps vivant sur la base de racho d'onde ultra- 
sonore, le moyen d'affichage (15) affichant I'image 
en coupe en mode B et I'image de cartographie de 
flux en couleurs ou I'image en mode M et I'fmage de 
cartographie de flux en couleurs. 

. Dispositif selon I'une quelconque des revendica- 
tions 1 a 3, dans lequel le moyen pour obtenir rinfor- 
mation Doppler utilise un procada Doppler a onde 
pulsae. 

Dispositif selon I'une quelconque des revendica- 
tions 1 a 3, dans lequel ('information Doppler 
s'obtient par un procadS Doppler a'onde continue. 
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6. Dispositif de traitement par ondes de choc, compre- 
nant : un moyen (1 6) pour produire une onde de choc 
et pour 6mettre I'onde de choc en direction d'un 
corps vivant (P) comportant un objet k d6sint6grer 
par I'onde de choc (33) ; s 

une sonde d'onde ultrasonore (17) pour 
Smettre une onde ultrasonore en direction du corps 
vivant et pour recevoir un 6cho d'onde ultrasonore 
du corps vivant ; 

un moyen (11, 12) pour produire une image w 
en coupe en mode B du corps vivant sur la base de 
l'6cho d'onde; 

un moyen (1 5) pour aff icher I'image en coupe 
en mode B ; et 

un moyen pour obtenir une information Dop- is 

pier; 

caract§ris6 : 

par un moyen (14, 14a) pour m6moriser 
I'image en mode B en synchronisme avecun moyen 
de retardement (23) k une certaine p6riode de 20 
temps apr&s remission de I'onde de choc ; et 

en ce que le moyen pour obtenir I'information 
Doppler comprend un phonocardiographe Doppler 
(30), qui comprend un moyen pour 6mettre des 
ondes ultrasonores vers I'objet et pour en recevoir, 25 
et un moyen (30c) pour reproduire des sons k partir 
de I'information Doppler. 

7. Dispositif selon I'une quelconque des revendica- 
tions 1 k 6, comprenant un moyen (27) pour emp§- 30 
cher la reproduction sous forme sonore d'une 
composante d'ondes de choc. 
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